Bacterial communities play essential roles in multiple ecological processes, such as primary production and nutrient recycling in aquatic systems. However, although the composition, diversity and function of bacterial communities have been well studied, little is known about the interactions and co-occurrence characteristics of these communities, let alone their seasonal patterns. To investigate the seasonal variations of bacterial community interactions, we collected water samples from four seasons in Lake Taihu and applied network analysis to reveal bacterial community interactions. Bacterial community networks were non-random in structure, and interactions among bacterial taxa in the networks varied markedly in different seasons. The autumnal bacterial network was the largest and most complex among obtained networks, whereas the spring correlation network was the simplest, having no module hubs or connectors. The important species of the networks were the dominant bacterial phyla/classes (e.g., Alphaproteobacteria and Bacteroidetes), although their relative abundance varied among seasons. The relationships between species and measured environmental variables changed over seasons; fewer environmental factors were correlated with bacterial species in the spring bacterial network, while we observed a greater number of species-environment correlations in the winter network. Our study highlights the seasonal differences in bacterial community interactions and expands our understanding of freshwater microbial ecology in systems affected by aquaculture.
Introduction
China is the world's largest producer of aquatic animals, its aquacultural output, which represents approximately 60% of global production [1] . Lake Taihu is a representative site of freshwater aquaculture within China. Aquaculture contributed 45% of the agricultural gross domestic product for the Taihu Lake watershed [2] , and the majority of Eastern Lake Taihu has been covered with aquaculture nets to expand the area of aquaculture since 2006 [3] . Owing to the rapid development of aquaculture in Eastern Lake Taihu, large quantities of waste materials (e.g., feces, residual feed and antibiotics) have degraded water quality [4] and influenced the biogeochemical processes mediated by microorganism [5] . Meanwhile, antibiotic pollution generated further influences the distribution of antibiotic-resistant bacteria [6] .
Materials and Methods

Sample Collection and Measurement of Physicochemical Variables
We collected 32 water samples from a pair of zones in Eastern Lake Taihu, China (i.e., grass-crab zone (GC) and grass-crab-fish zone (GCF)) in four seasons (i.e., autumn, October 2015; winter, January 2016; spring, April 2016; summer, August 2016-eight water samples were collected during each season). Both zones have been subjected to long-term aquaculture. Details of the location and the distribution of the sampling sites were shown in Figure 1 . We collected water samples at 0.5 m below the surface water. We measured physicochemical properties of water samples (including water temperature (T), pH and dissolved oxygen (DO)) in situ using a water quality sonde (YSI 6600, Yellow Springs, OH, USA). Other environmental variables such as chlorophyll-a (Chla), total nitrogen (TN), total phosphorus (TP), ammonia nitrogen (NH 4 + -N), nitrate nitrogen (NO 3 − -N) and nitrite nitrogen (NO 2 − -N), were measured in the laboratory following previous methods [14] . Dissolved organic carbon (DOC) and water transparency were examined as described in a previous study [26] .
DNA Extraction, Polymerase Chain Reaction (PCR) Amplification and Illumina Sequencing
The methods of DNA extraction, amplification and Illumina MiSeq sequencing followed those of a recent study [26] . The raw sequencing data were deposited in the National Center for Biotechnology Information (NCBI) Sequence Read Archive (SRA) database (accession number: SRP155498).
v.132 database of 16S rRNA genes [36] , and the phylogenetic tree was constructed in FastTree [37] . The final OTU table was generated based on the clustering results and we excluded suspicious OTUs (sequence number < 2) that occurred in only one sample [38] . With the minimum numbers of sequences in one sample being 22,136 for the 16S rRNA gene, subsampled sequences were used for subsequently all OTU-based network analyses. We analyzed relative abundance of bacteria taxa and diversity of bacterial communities based on the final OTU table, following a recent study [27] . 
Seasonal Network Construction and Characterization
All water samples were divided into four groups (i.e., spring, summer, autumn and winter). Only OTUs that appeared in at least six samples in each group were selected to improve the network reliability [12, 39] . The relative proportion of sequence numbers helped in the subsequent correlation analysis, as the sequence numbers of obtained individual OTUs obtained varied markedly among the different samples [40] . In each group, we constructed a pair of correlation matrices based on the relative abundance of the OTUs of each sample. We used the 'Hmsic' package in R statistical software (v.3.3.1) [41] to calculate both the correlation (R matrix) and significance matrices (P matrix) by computing all possible pairwise Spearman's correlations among all OTUs in each group. We 
Sequence Data Processing and Statistical Analysis
Raw reads of the bacterial 16SrRNA gene were processed using Quantitative Insights Into Microbial Ecology (QIIME) v.1.9 (http://qiime.org) [27] . We discarded any reads had a quality criterion with a quality score < 25 or a sequence length shorter than 100 bp for 16S amplicon reads using Trimmomatic [28] . Only those trimmed sequences that had overlapped lengths longer than 10 bp and a mismatch density lower than 0.25 were jointed using FLASH (http://ccb.jhu.edu/software/FLASH/) [29] . We identified chimeras and then used UCHIME in the de novo mode to remove them [30] . After the pre-processing of the obtained sequences, 979255 quality sequences were obtained for the 16S rRNA. Operating taxonomic units (OTUs) were clustered at 97% sequence similarity by using the UCLUST (pick_otus.py) [31] in QIIME, and we selected representative sequences by using VSEARCH (pick_rep_set.py) [32] . The ribosomal database project (RDP) classifier assigned taxonomic classifications and obtained taxonomic information based on 80% bootstrap cut-off threshold [33, 34] . We aligned and filtered representative sequences using the Python Nearest Alignment Space Termination (PyNAST) algorithm [35] against a bacterial SILVA v.132 database of 16S rRNA genes [36] , and the phylogenetic tree was constructed in FastTree [37] . The final OTU table was generated based on the clustering results and we excluded suspicious OTUs (sequence number < 2) that occurred in only one sample [38] . With the minimum numbers of sequences in one sample being 22,136 for the 16S rRNA gene, subsampled sequences were used for subsequently all OTU-based network analyses. We analyzed relative abundance of bacteria taxa and diversity of bacterial communities based on the final OTU table, following a recent study [27] .
Seasonal Network Construction and Characterization
All water samples were divided into four groups (i.e., spring, summer, autumn and winter). Only OTUs that appeared in at least six samples in each group were selected to improve the network reliability [12, 39] . The relative proportion of sequence numbers helped in the subsequent correlation analysis, as the sequence numbers of obtained individual OTUs obtained varied markedly among the different samples [40] . In each group, we constructed a pair of correlation matrices based on the relative abundance of the OTUs of each sample. We used the 'Hmsic' package in R statistical software (v.3.3.1) [41] to calculate both the correlation (R matrix) and significance matrices (P matrix) by computing all possible pairwise Spearman's correlations among all OTUs in each group. We maintained only strong correlations (Spearman's rank correlation coefficient, r > 0.9 (or r < −0.9)) and statistically significant (p ≤ 0.001) results to construct the networks [9, 12, 42] . The node connectivity (i.e., number of edges connected to a node) was plotted against the probability P(k) that a node would have that degree in the network. We used three methods (i.e., power law, exponential law and truncated law) to fit the degree distribution of the four seasonal networks [43] .
The constructed correlation matrix was transformed into a Cytoscape dataset in R and we then generated topological networks. Network visualization was completed in Cytoscape v.3.6.1 (https://cytoscape.org) [44, 45] . Other important information, including nodes (OTUs), edges (positive or negative interactions), modules and weights, was also imported into Cytoscape. We divided each seasonal network into modules by fast greedy modularity optimization [46] . The topological characteristics of seasonal networks were described by modularity, clustering coefficient, average path length, network diameter, average degree and graph density. We calculated these parameters using the 'igraph' package in R. We used these same parameters to compare our observed networks with random networks [47] . The network parameters of each random network were the average and standard deviation of 1000 random networks. Significant differences between the topological indices of the observed and random networks for each group were determined using a Z-test in R [12] .
Topological Roles of Individual Nodes
We used a pair of parameters (i.e., within-module connectivity (Zi) and connectivity among modules (Pi)) to describe the topological roles of individual nodes (OTUs) [48] . The distribution of nodes in the networks was visualized in Sigmaplot (v.12.5). Nodes could be separated into four subcategories based on the values of Zi and Pi: (i) peripheral nodes (Zi ≤ 2.5, Pi ≤ 0.62); (ii) connectors (Zi ≤ 2.5, Pi > 0.62); (iii) module hubs (Zi > 2.5, Pi ≤ 0.62); (iv) network hubs (Zi > 2.5, Pi > 0.62) [41] .
Relationships between Bacterial Networks and Environmental Variables
Environmental variables were integrated into the seasonal networks to explore the relationships between the distribution of nodes (species) and the network and environmental variables. To improve the reliability of species-environment networks, we considered only statistically significant (p < 0.01) and robust (r ≥ 0.6 or r ≤ −0.6) correlations. We visualized the species-environment networks using Cytoscape v.3.6.1 [45] .
Results
Network Structure of Bacterial Communities in Different Seasons
Although we constructed four seasonal networks based on species-species correlations using identical thresholds, we found marked differences in the network size of the bacterial communities. Specifically, the largest network (905 nodes and 1696 edges) and the smallest network (243 nodes and 225 edges) occurred in autumn and spring, respectively, while the summer and winter networks were similar and moderate in size (Table 1 and Figure 2 ). Additionally, we observed remarkable differences of bacterial community alpha diversity, with the highest values in autumn and lowest in spring ( Figure S1 ). Furthermore, significant difference of beta diversity of bacterial community was found in different seasons (Analysis of Variance (ANOVA): p < 0.001, r = 0.4933; Figure S2 ). Topological indices, modularity and the clustering coefficient for the 4 seasonal networks were greater (p < 0.001) than those of random networks based on Z-tests (Table 1) . Moreover, the average path length and the network diameter of the spring and autumn networks were, respectively, lower and higher than those of the random networks; however, average path length and network diameter of the summer and winter networks were more similar to those of random networks (Table 1 ). The degrees of distribution of the 4 constructed networks had a best fit with the truncated power law, coefficients of 0.9955, 0.9984 and 0.9936 for the spring, summer and autumn groups, respectively; the winter network had a best fit by exponential law, with a coefficient of 0.331 ( Figure S3 ).
The five phyla/classes including Actinobacteria, Alphaproteobacteria, Bacteroidetes, Betaproteobacteria and Gammaproteobacteria dominated (having a percentage of nodes >5%) in the four bacterial networks ( Figure 3 and Table S1 ). These bacterial phyla/classes varied remarkably in different seasons ( Figure 3 ). Other phyla (e.g., Aminicenantes, Cloacimonetes and Lentisphaerae) only appeared in a single season (Table  S1 ). Among the five dominant phyla/classes, Bacteroidetes maintained a relatively high abundance between seasons. Additionally, Cyanobacteria were the most abundant in the summer (Figure 3) . Moreover, we observed the relative abundance of most phyla/classes varied markedly across seasons ( Figure S4 ).
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Co-Occurrence/Co-Exclusion Patterns in the Different Seasonal Networks
The modularity values of the four seasonal networks (spring: 0.931, summer: 0.852, autumn: 0.739, winter: 0.851) were all > 0.4, indicating that all the networks had modular structures. Therefore, we divided the species-species association networks by module to explore the co-occurrence/coexclusion patterns within the different seasonal bacterial communities. The species-species association networks differed clearly between seasons ( Figure 2 and Table S2 ). All species-species networks contained more positive correlations (positive edges) than negative correlations (negative edges). The autumn network contained the most positive correlations and the highest average degree, followed by the summer and winter networks ( Figure 2 and Table 1 ). We observed the highest modularity value in the spring network, although this network had no negative correlations.
Topological Roles of Individual Nodes in Different Seasonal Networks
The topological roles of the OTUs identified in the four seasonal networks are detailed in Figure  4 . Most OTUs (spring: 100%, summer: 98.8%, autumn: 97.5%, winter: 98.4%) were peripherals, with the majority of their links inside their modules. Among these peripherals, most (99.2%, 91.1%, 79.8% and 90.4% for spring, summer, autumn and winter, respectively) had no links to other modules (i.e., Pi = 0). We found no module hubs and connectors in the spring network and all the seasonal networks lacked network hubs (Figure 4 ). For the summer network, we observed three module hubs and three connectors ( Figure 4 ). As well, we found 21 module hubs and two connectors in the autumn network, as well as five module hubs and two connectors in the winter network ( Figure 4 ). Most of these module hubs and connectors belonged to the five dominant phyla/classes (i.e., Actinobacteria, 
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The modularity values of the four seasonal networks (spring: 0.931, summer: 0.852, autumn: 0.739, winter: 0.851) were all > 0.4, indicating that all the networks had modular structures. Therefore, we divided the species-species association networks by module to explore the co-occurrence/co-exclusion patterns within the different seasonal bacterial communities. The species-species association networks differed clearly between seasons ( Figure 2 and Table S2 ). All species-species networks contained more positive correlations (positive edges) than negative correlations (negative edges). The autumn network contained the most positive correlations and the highest average degree, followed by the summer and winter networks ( Figure 2 and Table 1 ). We observed the highest modularity value in the spring network, although this network had no negative correlations.
Topological Roles of Individual Nodes in Different Seasonal Networks
The topological roles of the OTUs identified in the four seasonal networks are detailed in Figure 4 . Most OTUs (spring: 100%, summer: 98.8%, autumn: 97.5%, winter: 98.4%) were peripherals, with the majority of their links inside their modules. Among these peripherals, most (99.2%, 91.1%, 79.8% and 90.4% for spring, summer, autumn and winter, respectively) had no links to other modules (i.e., Pi = 0). We found no module hubs and connectors in the spring network and all the seasonal networks lacked network hubs (Figure 4 ). For the summer network, we observed three module hubs and three connectors ( Figure 4 ). As well, we found 21 module hubs and two connectors in the autumn network, as well as five module hubs and two connectors in the winter network ( Figure 4 ). Most of these module hubs and connectors belonged to the five dominant phyla/classes (i.e., Actinobacteria, Alphaproteobacteria, Bacteroidetes, Betaproteobacteria and Gammaproteobacteria; Table 2 ); we observed some other phyla/classes occurring in relatively low proportion (i.e., Acidobacteria, Chloroflexi, Deltaproteobacteria, and Gemmatimonadetes) or some emerging phyla (i.e., Cloacimonetes and Lentisphaerae) associated to module hubs or connectors. Although Bacteroidetes maintained a relatively higher proportion in summer, module hubs in the summer network were mainly attached to Alphaproteobacteria (denovo3272 and denovo0386) ( Table 2 ). In contrast, some module hubs of autumn and winter networks were affiliated with the phylum Bacteroidetes (autumn: denovo3266, denovo4788, denovo6589, denovo9608 and denovo10588; winter: denovo3884) ( Table 2) . Alphaproteobacteria, Bacteroidetes, Betaproteobacteria and Gammaproteobacteria; Table 2 ); we observed some other phyla/classes occurring in relatively low proportion (i.e., Acidobacteria, Chloroflexi, Deltaproteobacteria, and Gemmatimonadetes) or some emerging phyla (i.e., Cloacimonetes and Lentisphaerae) associated to module hubs or connectors. Although Bacteroidetes maintained a relatively higher proportion in summer, module hubs in the summer network were mainly attached to Alphaproteobacteria (denovo3272 and denovo0386) ( Table 2 ). In contrast, some module hubs of autumn and winter networks were affiliated with the phylum Bacteroidetes (autumn: denovo3266, denovo4788, denovo6589, denovo9608 and denovo10588; winter: denovo3884) ( Table 2 ). 
Relationships between Species and Environmental Variables in Different Seasons
We added the measured environmental variables to the four seasonal networks (solid blue and dotted pink edges represent positive and negative correlations, respectively) to explore the relationships between species interactions and environmental variables within the different seasons ( Figure S5 ). Fewer environmental factors affected summer and spring bacterial groups, particularly in the summer species-environment network, while we observed more correlations between species interactions and environmental variables in the autumn and winter networks ( Figure S5 ). Although many environmental factors appeared in the summer network, only a few environmental factors-DO, T and Chla-correlated strongly with species. Additionally, the summer network demonstrated a greater number of correlations between different environmental variables. The winter network contained the highest number of significant (p < 0.01) correlations (40 positive and 71 negative links) (Table S3 ). Moreover, the spring and autumn networks contained more positive links (38 and 29 for spring and autumn, respectively) than negative links (nine and 12 for spring and autumn, respectively).
Discussion
Interactions among Bacterial Taxa in the Correlation Networks Varied Remarkably between Seasons
The biodiversity of a bacterial community includes not only the number and abundance of taxa, but also the complex interactions among the various bacteria [41, 49] . In the present study, the significant variations observed between the four seasonal networks indicated the markedly variable interactions among bacterial taxa depending on the season (Figure 2) . We observed the fewest interactions (edges) in spring and highest number of interactions in the autumn (Table 1) . These findings contrast to those of a previous study [12] that found the greatest number of associations in summer and fewest in winter. Seasonal changes in aquacultural activities may explain the unique interactions between bacterial taxa in Eastern Lake Taihu. Generally, juvenile aquacultural species polyculture (i.e., crab, fish and shrimp) only occurs in spring; all adult aquatic products are harvested in autumn. Thus, various forms of water treatment and disinfection are carried out during larviculture (spring). In autumn, however, aquacultural species received a greater amount of food, and there is also increased human activity happen in Eastern Lake Taihu as aquatic products are harvested at this time. Our results observations do match, however, those of by previous studies [50, 51] that found that in sites subjected to intense aquacultural activities, fewer intensive bacterial interactions occurred in spring and that these networks became more complex in autumn.
Modularity, an important indicator of network complexity [49] , can reflect the diversity of habitat and the clustering of closely related species [52] . We recorded the highest modularity values for the spring bacterial network and the lowest values in autumn (Table 1) ; therefore, the springtime bacterial community network has more complex correlations within modules, whereas the autumnal bacterial community network has more complex correlations among modules. As such, the autumnal bacterial groups may be more stable than bacterial groups in the other three seasons as a response to environmental change, as indicated by previous results [53] . In addition, the lower average path length and network diameter of the spring bacterial network, possibly due to the network being smallest in the spring, suggested that species were interconnected via very short paths. This pattern could favor the quick and more effective transfer of information (i.e., gives the impression of communication between bacteria) relative to other seasonal networks [54] . In addition, positive correlations dominated all species-species networks (Table 1 and Figure 2 ). Previous studies have suggested that species tend to have more positive interactions under eutrophic conditions because of reduced competition for nutrients among species sharing similar ecological niches [12, 43, 55] . Thus, given the current eutrophication of Lake Taihu [56, 57] , the favorable nutrient status for bacterial communities and decreased nutrients could explain the dominance of positive interactions in our study [58] . However, these correlations changed markedly between seasons, and therefore, may also reflect both variable nutrients abundance and changes in the dominant aquaculture activities of the different seasons (Table 3) . Table 3 . Environmental characteristics of water samples collected from Eastern Lake Taihu under aquaculture conditions for each season. 
Different Topological Roles of Individual OTUs Observed in Bacterial Community Networks
Individual species (OTUs) have various topological roles in the network [48] . In accordance with previous studies [40, 43, 59] , individual OTUs in our study could be separated into four types of topological nodes in a network. However, most OTUs were peripheral OTUs, having the majority of their links inside their associated modules [41] (Figure 4 ). Moreover, both connectors and module hubs played vital topological roles in the network and were associated with the modular nature of the network [49] . Our results further revealed that not only topological roles of individual OTUs varied over the seasons, but also modular nature significantly changed across different seasons. These findings were fully supported by previous studies [12, 60] . In addition, we observed an increase in the number of connectors and module hubs in the autumn network. This pattern indicated that species were more tightly linked in the autumn, thereby maintaining a more stable bacterial network [53] . On the contrary, no module hubs or connectors were found in the spring network. This absence suggests that the spring network could fragment more easily and be more vulnerable to the collapse of the entire network [49] . Meanwhile, the observation of only positive correlations in the spring bacterial communities may also reflect this instability, as previous work has shown that more negative correlations within ecological communities enhance the stability of networks under disturbed conditions [43, 49] .
Most module hubs and connectors were assigned to the five dominant phyla/classes (i.e., Actinobacteria, Alphaproteobacteria, Bacteroidetes, Betaproteobacteria and Gammaproteobacteria) ( Table 2) . These bacteria adapt easily to environmental change, as shown by their high relative proportions ( Figure 3 ) [40] . It is worth noting that Alphaproteobacteria are ubiquitous in freshwater lakes and competitive at utilization of nutrients, as well as capable of degrading complex organic compounds [61, 62] . Therefore, OTUs of this phylum occupied important topological roles in the summer, autumn and winter bacterial networks, possibly due to the eutrophication of the eastern portion of Lake Taihu. Additionally, literatures have recorded that Bacteroidetes showed strong correlations with high concentrations of dissolved organic carbon (DOC) [61, 63] , which indicated that Bacteroidetes possessed higher activity under high DOC concentrations. Therefore, OTUs assigned to Bacteroidetes were more likely to be positioned as module hubs or connectors in the autumn and winter networks due to the relatively higher DOC concentrations in both of these seasons (Table 3) ; subsequently, no Bacteroidetes OTUs acted as module hubs or connectors in the summer bacterial network when the lowest DOC concentrations were recorded (Table 3 ).
Relationships between Species and Environmental Variables Varied between Seasons
The effects of environmental variables on bacterial communities are well known [64] [65] [66] [67] ; however, relationships between species interactions and environmental variables remain unclear. In Lake Taihu, relationships between species networks and environmental variables dramatically changed between seasons ( Figure S5) , an observation consistent with previous studies [8, 12, 68, 69] . In addition, we observed that fewer environmental variables correlated strongly with bacterial species in the spring than in the other seasons. One of the possible reasons may be attributed to the simpler network in spring.
Our present study was carried out in a shallow and eutrophic lake [4] . This makes it relatively easy to have strong hydrological mixing, especially in the summer when rainfall events are more frequent [70] . Hence, although similar networks were found in summer and winter, the relationships between species interactions and environmental variables varied remarkably in summer and winter. This difference may reflect the more homogeneous environmental conditions in summer related to these more frequent and strong rainfall-related hydrological disturbance in the summer [71] . Moreover, higher concentrations of TN and TP in the summer also weaken environmental filtering [58] , thereby decreasing the environmental dependence of species. This lower dependence leads to fewer significant relationships between species interactions and environmental variables in summer. On the contrary, we observed more negative correlations in the species-environment association network in winter, especially for those associations that involved temperature. Lower temperatures in winter reduce the growth, maintenance and survival rates of microbes [72] ; in turn, the environmental dependence of species increases. Only the seasonal scale was considered in this study, thereby ignoring the effects of aquaculture on interactions among bacterial taxa. Additionally, given that this study was carried out in only one year, a multi-year assessment is valuable to explore the effects of aquaculture activities on bacterial species interactions.
Conclusions
Here, we demonstrated that network structures and co-occurrence patterns varied remarkably between seasons in a freshwater system subjected to a strong aquacultural influence (Eastern Lake Taihu, China). We observed stronger and more complex interactions in the autumn network and a simpler bacterial network in the spring. The topological roles of individual OTUs changed over the seasons, although the dominant phyla/classes maintained key roles in different seasons. We also revealed that the relationships between species and environmental variables changed markedly over the seasons. Fewer environmental factors were correlated with bacterial species in spring, while we observed fewer correlations in the summer species-environment association network and a greater number of relationships between species and environmental factors in winter. Our findings highlight the effects of seasonality on bacterial community interactions and provide a basis for a more comprehensive understanding of the effects of aquacultural activities on freshwater ecosystems.
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The following are available online at http://www.mdpi.com/2073-4441/11/9/1868/s1, Figure S1 : Diversity (A) and richness (B) of the bacterial communities across seasons. Different letters above columns show the remarkable differences based on one-way ANOVA with Duncan's comparisons (p < 0.05). Figure S2 : Non-metric multidimensional scaling analysis (NMDS) of bacterial community composition for each season (A) and each zone (B) based on the weighted UniFrac distance. Difference was tested based on 999 permutations using 'anosim' functions in R. Figure S3 : The OTU connectivity distributions of bacterial community networks in different seasons as fitted by power-law, exponential-law and truncated power-law models (A, spring; B, summer; C, autumn; D, winter). The x-axis is the node connectivity. The y-axis is the number of nodes under a given connectivity. The values on both axes are log-transformed. Rsqr values represent the degree of the fitting models (undetermined fitting value found are shown by 'Error'). Figure S4 : The relative abundance of dominant bacterial phyla/classes for each season. Phyla/classes with a relative abundance of >0.5% are presented, whereas those with relative abundance <0.5% were included in the 'others' group. The height of each bar denotes the average relative abundance of each phylum. Asterisks above bars represent significant differences from the Kruskal-Wallis H-test. * p < 0.05; ** p < 0.01; *** p < 0.001. Figure S5 : Species-environment network of bacterial communities in spring (A), summer (B), autumn (C) and winter (D). Only correlations between species that were statistically significant (p < 0.001) and strong (r > 0.9 or r < −0.9) are shown by solid blue lines (positive correlations) and dotted pink lines (negative correlations), respectively. Only correlations between environmental factors and species interactions that were significant (p < 0.01) are shown. Correlations between pairs of OTUs and OTUs uncorrelated to any environmental variables are not shown. Different bacterial phyla/classes are represented by different colors, and the number on each node represents the ID number of each OTU. T, water temperature; DO, dissolved oxygen; SD, Secchi depth; Chla, chlorophyll a; TN, total nitrogen; TP, total phosphorus; DOC, dissolved organic carbon. Table S1 : The percentage (%) of OTUs/nodes in the bacterial networks assigned to each phylum/subphylum for each season. Table S2 : The top 10 correlations of the species-species association network in the present study. Table S3 : The number of positive/negative links between environmental variables and species interactions in species-environment association network of the different seasons.
